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2,3-butanediol to central metabolites. — 



2,3-butaneaioi iu wuu« — ; . 

Akaligenes eutrophus; Pelobacter carbinoltcus . 



Introduction 

The key reaction of the fermentative break- 
down of acetoin (3-hydroxy-2-butanone) in the 
strictly anaerobic bacteria P^terc^hcus 
and Clostridium magnum is the tmamin sFP, 
(TPP)-, coenzyme A-, and NAD-dependent cleav- 
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aB e of acetoin into acetaldehyde and acetyl coen- 
S which is catalysed by the acetoin dehy- 
Tgenase enzyme system [1-3]. Utilization of the 
reduced acetoin-derivative 2,3-butanediol re- 
quires in addition 2,3-butanediol dehydrogenase 
which feeds the substrate to the acetom dehydro- 
genase enzyme system. The structural genes ; of 
to acetoin dehydrogenase enzyme system acoA 
encoding the a subunit of the TPP-dependent 
ace oin dehydrogenase, El«), acoB (encoding 
EW acoC (encoding dihydrolipoamide acetyl- 
fr Ssferase, E2), and acoL (encoding Mydro- 
lipoamide dehydrogenase, E3) from both r. 
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carbinolicus and C. magnum were found to be 
clustered in co-linear orientation in the genome 
[2,3]. In addition to the structural genes of the 
acetoin dehydrogenase enzyme system, acoS (en- 
coding the P. carbinolicus lipoate synthase), acoX 
(encoding a C. magnum protein of unknown 
function), and acoR (encoding a putative regula- 
tory protein) were localized within the gene clus- 
ter of the respective bacterium. A similar organi- 
zation was recently also reported for the genes 
encoding the acetoin catabolic system of Kleb- 
siella pneumoniae [4]. 

From the great- variety of strictly respiratory 
acetoin-degrading bacteria, as yet only the molec- 
ular genetics of the acetoin catabolism of Alcali- 
genes eutrophus have been examined in detail [5]. 
The gene products and the molecular organiza- 
tion of the A eutrophus aco operon (acoXABC) 
encoding the A eutrophus acetoin cleaving sys- 
tem resemble in some aspects those of the ace- 
toin dehydrogenase enzyme system of the anaero- 
bic bacteria mentioned above. In contrast to the 
latter, acoL is absent in the aco locus of A. 
eutrophus, and the participation of a dihydro- 
lipoamide dehydrogenase (E3) in the acetoin 
cleaving system remained obscure [6]. Pseu- 
domonas putida, which in contrast to A, eutro- 
phus, can also use 2,3-butanediol as sole carbon 
source in addition to acetoin [7], is unique since 
this bacterium possesses three different dihydro- 
lipoamide dehydrogenases, of which the function 
of the third isoenzyme (LPD-3) is unknown [8]. 
As LPD-3 exhibited significant similarities to both 
E3 components of the acetoin dehydrogenase en- 
zyme systems of P. carbinolicus [2] and C. mag- 
num [3], this bacterium was chosen to investigate 
its acetoin-catabolic system with particular con- 
sideration to the participation of an E3 compo- 
nent. 



Materials and Methods 

Bacteria and media 

Pseudomonas putida PpG2 (ATCC 23287, 
wild-type, kindly provided by J.R. Sokatch) and 
Escherichia coli XLl-Blue (Stratagene, La Jolla, 
CA) were used in this study. P. putida was grown 



at 30°C, in mineral salts medium [9], supple, 
mented with 0.2% (w/v) of 2,3-butanediol, ace- 
toin, glucose or acetate as carbon source. E. coli 
was grown at 37°C in Luria-Bertani (LB) [10] 
medium. For enzymatic analysis the soluble cell 
fractions were used from ceils, harvested in the 
late exponential growth phase, resuspended in 50 
mM 2-(N-morpholino)propane sulfonic acid (pH 
7.2), disrupted by ultrasonication, and centrifuged 
50 min at 100000 Xg. 



Isolation and manipulation of DNA 

Total genomic DNA from P. putida was ob- 
tained as described [11]. Plasmid DNA was iso- 
lated from E. coli by using the alkaline lysis 
method [10]. Other DNA manipulations were es- 
sentially as described [10]. To construct partial 
libraries, genomic DNA of P. putida was digested 
with EcoRl y Apal or Clah DNA fragments of 
desired length were recovered from 0.8% (w/v) 
agarose gels by using a Gene Clean kit (Bio 101, 
La Jolla, CA) and ligated with linearized vector 
pBluescript KS~ (Stratagene, La Jolla, CA) to 
transform competent ceils of E. coli [10]. Trans- 
formants were screened by using in situ hy- 
bridization [10] with a heterologous biotinylated 
DNA probe, DNA sequencing was done by the 
dideoxy-chain termination method [12] with alka- 
line denatured double-stranded plasmid DNA us- 
ing a T7 polymerase sequencing kit (Pharmacia 
LKB Biotechnology, Uppsala, Sweden). Sequence 
data were analysed with the Genetic Computer 
Group (GCG) sequence analysis software pack- 
age [13]. 



Assay and analysis of proteins 

Activities of the enzyme components El, E2, 
and E3 of the acetoin dehydrogenase enzyme 
system, and of 2,3-butanediol dehydrogenase were 
determined photometrically according to Opper- 
mann et al. [1] and Steinbiichel and Schlegel [9], 
respectively. Protein was determined as described 
by Lowry et al. [14]. Proteins of cell extracts were 
separated by denaturating SDS-polyacryiamide 
gel electrophoresis [15]. Activity staining for El 
was done as described before [1]. 
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Table 2 

Similarities of the amino acid (aa) sequences deduced from the P. putida PpG2 aco genes to the respective aco gene products of r 
A eutrophus [5], P. carbinolicus [2], £ pneumoniae [4] and C. magnum [3] i 



Aa sequence deduced 
from P. pufw/a gene 


Percentage of amino acid identity to the respective aco gene product from 




/4. eutrophus 


P. carbinolicus 


£ pneumoniae 


C. magnum 


aco/t 


63.6 


64.2 


59.1 


48.9 




63.2 


52.7 


51.6 


41.3 




47.5 


29.4 


25.9 . 


21.4 




42.4 


Not present 


Not present 


30.8 



Values were calculated for complete sequence overlap by the program GAP [13]. 



Results and Discussion 

Induction of the 2,3-butanediol-catabolic enzymes 
To investigate the presence of the components 
of the acetoin dehydrogenase enzyme system af- 
ter growth on 2,3-butanedioi and on acetoin, cells 
of P. putida were grown on different substrates 
and assayed for their respective enzyme activities. 
Growth on acetoin and on 2,3-butanediol was 
fairly effective with doubling times (t 6 ) of 2.2 h 
and 2.4 h, respectively, whereas on the non- 
acetoinogenic substrates, glucose and acetate, t d 
values were obtained of 2.2 and 2.3 h, respec- 
tively. TPP-dependent acetoin dehydrogenase 
(El) was only detected in the soluble cell frac- 
tions after growth on acetoin (0.070 U (mg pro- 
tein)" 1 ) or on 2,3-butanediol (0.072 U mg" 1 ), 
whereas no activity was measurable after growth 
on either glucose or acetate. In accordance with 
that, one protein band with an fl r value of 0.12 
occurred during activity staining for El in the two 
protein patterns from acetoin- or 2,3-butanediol- 
grown cells, whereas none occurred with proteins 
derived from glucose- or acetate-grown cells. Ex- 
pression of 2,3-butanediol dehydrogenase exhib- 
ited a similar regulatory pattern (Table 1). In 



contrast, dihydrolipoamide acetyltransferase (E2) 
and dihydrolipoamide dehydrogenase (E3) were 
measured after growth on either substrate (U 
mg" 1 after growth on acetoin: E2, 0.15, E3, 0.083; 
2,3-butanediol: E2, 0.15, E3, 0.064; glucose: E2, 
0.30, E3, 0.085; acetate: E2, 0.21, E3, 0.23), which 
can be explained by the presence of the isoen- 
zymes for E2 and E3 from the pyruvate and/ or 
2-oxoglutarate dehydrogenase complex. This indi- 
cated a close regulatory linkage between the ex- 
pression of the P. putida acetoin catabolic system 
and 2,3-butanediol dehydrogenase which is differ- 
ent from the situation previously found in A. 
eutrophus [16]: although a multifunctional alcohol 
dehydrogenase able to oxidize 2,3-butanediol [9] 
is encoded in the A. eutrophus genome, the wild- 
type cannot grow on 2,3-butanediol, since this 
fermentative enzyme is only expressed under con- 
ditions of restricted oxygen supply. 

Identification and characterization of the structural 
genes encoding the acetoin cleaving system 

Southern hybridization analysis of totally di- 
gested P. putida PpG2 genomic DNA with frag- 
ment ES25, which covered the structural genes 
acoA and acoB encoding Ela and El/3, respec- 



Fig. 2. Nucleotide sequence of the P. putida PpG2 aco gene cluster. Amino acids deduced from the nucleotide sequence are 
specified by standard one-letter abbreviations. The position of a putative -24/ -12 promotor and of putative ribosomal binding 
sites (S /D) are indicated. The position of a putative stem-loop structure is marked by inverted arrows. Conserved amino acid 
residues of the putative TPP-binding region of the deduced acoA gene product, and conserved glycine residues flanking the 
putative Upoylation site of the acoC gene product are marked by the symbol #; the position of the lysine in the deduced acoC gene 
product, which is presumably lipoylated, is indicated by the symbol *. The nucleotide and amino acid sequences have been 
submitted to the Genome Sequence Database at the Los Alamos National Laboratory under accession no. L35343. 
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901 
1001 
1101 
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S/D M P Q p A 

wrrTTGGCAAACAAAAATACGAGGTGCGCCATGCCGCAACCCGCC 

TCCAGGCCTGCrcGCGTCCTTCGGTGCCCACCGGCATC p ^ P L T Q I»V» CACCCGC CTGGCCACCCGGTGCA TC 

G P G A R D O H W ^^^cKGACCTOCCGC^ACCCAGACCGrreCCGACACC 
OGGCCCGGGGGCCCG TC AGGAGCAC TC GCCGGCC«C a v a a , , , , SD v 

V E R G V A ^ ^^^pq^ctcGGTCGCGATGGCACCCACAAGGCAGTCGCTGCCGAGGCCGGTGACG G L 

GTCGAGCGCGGCGTGGCGATGATCGCCGTGCTCGGT „ L F A ^^^cCGGCCAGGATCGGCCT 

G T N N * '^^oc^^ R F I G A 

CCGGCACCAACAATCCGTTCCCCGAACTGCGC eWA lVEV A ^L^^cMJCGCTTCATCGGCGCC 

TCCCGCGCGGCCACCGGCTGCACCCTGCATCCCCGCGTTG "f T p G F V H L V A G E 

^^^^ 

TPP -blnding» # , vaE NNGYA 

t s * . - ■ • * 0 ui^^^ 

_AA T ^^ 

T^CGGTGTACGAGGCCGCCGGCGCAGCGATCGAGCGCGCTCGC ^ r g s ^^^^AACAAGACCACCCCTKCC 
E G D A Q T V R A » ° TCAAGTGAAGAACClGCGCGAATCCCGCGArreCCTGATC p Q p 

CGAAGGCGATGCACAAACCTACCGCGCCCCGGATG D L , E D VrTGCGCGGCGCCAAGKGGAKCCAAGGGAGAGC 

ccgccgacctgctcaccgacgtctacgtcgccta r p g e d 

a i'nealaQE S---^^ 

GGCCATCAACGAAGCCCTGGCCCAGGAAATGCGCCGCGACAAC g R , » ^^^^ GTC GCGG 

D A W G G V ^^^^^^^cCAAAGGCCTGTACCACCAGTTTCCXGGCCGCGTGCTCGACGCGCCGCTC A 
GACGCCTGGGGTGGCGTGCTGGGCGTGACCAAAG „ F A ^ptcttGCCTGGACCAGATCCTCAACCAGGCCGC 

O G D D * JT L 



2001 
2101 



2201 
2301 
2401 
2501 
2601 
2701 
2801 
2901 
3001 



^^^""77 ; L E A A N N ^J^gIc^GAA^ 

D G D D V '^Lj^^ AN F R C 

CGATCGTCACGATCTCACCCTGCTCACTTAGGGG w k k P A .A LV ^^cG^GCGAACCCGCGTr 

W T C A P F A F W T ^^t^aMGCGTGGAAAAMC^CGCCC^TGGTG , p 



S/D M S Q 

FSDALEDLYIPDAAKIEAAVRKVIEAARSAA* 
3101 GTTCTCCGACGCCCTGGAAGACCTGTACATCCCTGACGCGGCGMGATCGAGGCTGCCGTGCGCAAGGTGA 

acoC -> 
I 

IHTLTMPKWGLSMTEG. RVDAWLKQEGDEINKGD 
3201 AGATCCATACCCTGACCATGCCCAAGTCGGGCCTTTCGATGACCGAGGGCCGGG 
lipoylation site 

* I 
EVLDVETDKISSSVEAPFSGVLRRQVAKPDETL 
3301 CGAGGTGCTGGACGTCGAG ACCGACAAGATCAGC AGCAGCGTCGAAGCCCCGTTCAGTGGTGTATTGCGCCGCCAGGTGGCC AAACCGGATGAAACCCTG 
PVGALLAVVVEGEAEESE I DAVVQRFQAEFVAEG 
3401 CCGGTTGGCGCGCTGCTGGCGGTGGTGGTGGAAGGCGMGCCGAGGAATCCGAGATCGATGCAGTGGTACAGCGCTTCCAGGCCGAGTTCGTC 

GADQAQGPAPQKAEVGGRLLRWFELGGEGGTPL 
3501 GGGGCGCCGACCAGGCACAAGGGCCGGCCCCGCAGMGGCTGAAGTGGGCGGCCGCCTGTTGCGCTGGTTCGMCTGGGCGG 

VLVHGFGGDLNNWLFNHPALAAERRVIALDLPG 
3601 GGTACTGGTACACGGCTTTGGCGGCGACCTCAACAACTGGCTGTTCAACCACCCGGCGCTGGCGGCCGAGCGCCGGGTGATCGCCCTCGACCTGCC 

HGESAKALQRGDL DELSETVLALLDHLDIAKAHL 
3701 CACGGCGAGTCGGCCMGGCCCTGCMCGGGGCGACCTGGATGMCTGAGCGAMCCGTGCTGGCCCTGCTCGACCACCTGGACATCGCCAAGGCCCACC 

AGHSMGGAVSLNVAGLAPQRVASLSLIASAGLG 
3801 TGGCCGGACACTCCATGGGGGGCCKIGGTCAGCCTCMCGTGGCCGGCCTGGCGCCGCAGCGGGTGGCCAGCCTGAGCCTGATCGCCAGTC^ 

EAINGQYLQGFVAAANRNALKPQMVQLFADPAL 

3901 TGAGGCMTCAATGGGCAGTACCTGCAAGGCTTTGTTGCCGCCGCGAACCGCM 

VTRQMLEDMLKFKRLEGVDEALRQLALAIAD.GDR 

4001 gtcacccggcagatgctggaagacatcctcaagttcaagcgcctggaaggtgtcgatc^ 

QRHDLRSVLGQHPALVVWGGKDAI I PASHARKG 
4101 GGCAGCGCCACGACCTGCGCAGCGTGCTGGGGCAGCATCCGGCACTGGTGGTGTGGGGTGGCAAGGACGCGATTATCCCGGCCAGCCACGCAAGGAAGGG 

PEAEVLVLPEAGHMV QMEAAEQVNQQMLAFLRK 
4201 CCCGGAGGCCGAAGTGCTGGTGCTGCCAGAGGCTGGGCATATGGTGC AGATGGAGGCGGCCGAAC AGGTCAACC AGCAAATGCTCGCATTCCTGCGC AAG 
H . s/d MNDLSHTHHRAAVWHGRNDIRV 

4301 CACTAAGCCCTTTCCCGTGAGCCTGGAGAACAACAATGMTGACCTC 

adh -> 

EQVPLPADPAPGWVQIKVDWCGICGSDLHEYVA 
4401 CGAACAGGTCCCCCTGCCAGCCGACCCGGCACCCGGCTGGGTGCAGATCAAGGTGGACTGGTGCGGCATCTGCGGCTCCGACCTGCACGAATACGTCGCC 
GPVFIPVEAPHPLTGIQGQCILGHEFCGQIAKLG 
4501 GGCCCGGTGTTCATCCCGGTCGAGGCACCACACCCGCTGACCGGCATCCAGGGCCAGTGCATCCTCGGCCACGMTTTTGCGG 

EGVEGFAVGDPVAADACQHCGTCYYCTHGLYNI 
4601 GCGMGGCGTGGAGGGCTTTGCGGTAGGTGACCCGGTGGCGGCGGACGCCTGCCAGCATTGTGGTACTTGCT 

CERLAFTGLMNNGAFAELVNVPANLLYRLPQG F 
4701 CTGCGAGCGCCTGGCGTTCACCGGCCTGATGAACMTGGCGCCTTTGCCGAGTTGGTCM 

PPEA GAL I EPLAVGMHAV KKAGSLLGQTVVVVGA 
4801 CCGCCAGAGGCCGGGGCACTGATCGAACCGCTGGCGGTGGGTATGCACGCGGTGAAAMGGCCGGCAGCCTGCTTGGGCAGACCGTTGTGGTGGTGGGTC 

GTIGLCTIMCAKAAGAAQVIALEMSS A R K A K A K 
4901 CCGGCACCATCGGTCTGTGCACCATCATGTGCGCCMGGCTGCGGGCGCGGCGCMGTGATTGCGCTGGAAATGTCCTCGGCGCGCAAG 

EVGATVVLDPSQCDALAQIRALTFGLGADVSFE 
5001 AGAGGTAGGCGCCACCGTGGTGCTGGACCCCAGCCAGTCCGACGCGCTGGCGCAAATCCGCGCACTGACCTTTGGGTTGGGG 

CIGNKHTAKLAIDTIRKAGKCVLVGIFEEPSEFN 
5101 TGCATCGGCMCMGCACACGGCCMGCTGGCCATCGACACCATCCGCMGGCGGGTAAGTGCGTGCTGGTAGGTATTTTTGAAGAGCC 

FFELVSTEKQVLGALAYNGEFADVIAFIADGRL 

5201 ACTTCTTCGMTTGGTATCCACCGAGMGCAGGTACTGGGAGCGTTGGCGTACMCGGCGA 

DIRPLVTGRIGLEQIVELGFEELVNNKEENVKI 
5301 GGATATTCGCCCGCTGGTGACCGGCCGGATCGGGTTGGAGCAGATTGTCGMCTGGGCTTCGAGGAACTGGTGAACAA 

IVSPGVR* <— 

5401 ATCGTTTCCCCGGGTGTGCGCTGATTAMCCCTCAAAGG 

' 5501 A^^^ATCA^AGGTAATATTGCCGGGGCCGCGTTGCGGCCCTTTCGCGACAAM 

5601 GTCTCAGGATCCCATTCTGCGTCATACTCGGCAGACCTATTGCCCGGTCTTCGCCATGCGTC 

5701 TGTGGCGATGGCGMTCGCTGCTTCCGCCGGACGCACGCTTGCCTGACGGCGGGCGTTACCGGGGGCAGGTGGTC 

5801 GTATCGACTACCCCAACGGCAGCTGGTACGCCGGCGGCTTCMGGACGGCCAGTGGCACGGCCAGGGAGMTGGCACGGCCAGAACG 

5901 TGGCCAGTTCGCCGGGGGGCTGTTCCAGGGACTGGGCGACCTGACCACGCCGGGCAGCCAC 

6001 GGCACGCTCAAGCMGCCGACCAGACCTACCGTGGCCAGTTCAAGGACGACCTCTACGACGGCGCGGGCGAACTGGAACTGGCCGACGGCAGCCGCTACC 
6101 AGGGCCTGTTCGCCAAGGGCAAACCCMCGGCGCCGGCGTACGCAGCGATGCCAGCG 

6201 CAGCGGCACCTACGACAGCGTTGACGGTGAGCAGTACATCGGCGAGTTCMGGACAACCGCCTGGAAGGTCGCGGCCGTTACGAAAACGCCGATC 



6301 GTGTGGATTGGCGAATTC 



Fig. 2 (continued). 
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quence analysis of the corresponding fragments 
(E51, A28, and C39 in Fig. 1) revealed 6318 bp of 
the P. putida genome exhibiting a G + C content 
of 65.1 mol%, which corresponded to the G + C 
content of 62.5 mol% of the genome [7]. Among 
32 open reading frames (ORFs) with a minimum 
length of 150 bp, five (ORF1, ORF2, ORF3, 
ORF4, and ORF5 in Fig. 1) were identified as 
structural genes according to the following char- 
acteristics: (i) agreement with the P. putida codon 
preference; (ii) presence of reliable Shine/ 
Dalgarno sequences; (iii) similarity to gene prod- 
ucts stored in data libraries. 

Due to clear homologies to the corresponding 
enzyme components of the acetoin catabolic sys- 
tems of A. eutrophus, P carbinolicus , C. mag- 
num, and K pneumoniae, ORF1 and ORF2 were 
identified as genes acoA and acoB, encoding the 
a and /3 subunit of the acetoin dehydrogenase 
(El), whereas ORF4 corresponded to acoC en- 
coding the E2 component (Fig. 1, Table 2). A 
TPP-binding motif [17] was identified in the 
translational product of acoA (Fig. 2). In the 
translational product of acoC, the consensus se- 
quence of a lipoyl-binding site [18] was localized 
(Fig. 2). ORF3, which was located upstream of 
acoA, exhibited strong homologies to both acoX 
translational products (Table 2), which were pre- 
viously identified in the aco gene clusters of C. 
magnum [3] and of A. eutrophus [5], and was 
therefore referred to as acoX. As no further 
significant similarity to any other gene product 
was obtained, and as no clear evidence for the 
presence of catalytic or structural motifs was ob- 
tained from the consensus sequence of the acoX 
gene products, the function of acoX in the ace- 
toin catabolism of A. eutrophus, C. magnum and 
P. putida is obscure. Closely upstream of acoX a 
motif was located which matched the enterobac- 
terial cr 54 promotor consensus sequence [5] (Fig. 
2). The program STEMLOOP [13] predicted a 
region of dyad symmetry downstream of ORF5 
(Fig. 2), suggesting that there is a possible mRNA 
structure with a free energy of stem-loop forma- 
tion of 53.6 kJ which might serve as a transcrip- 
tional terminator. The nucleotide sequence data 
provided no evidence for the presence of a struc- 
tural gene encoding a dihydrolipoamide dehydro- 



genase, which is similar to the situation previa 
ously reported for A. eutrophus [5]. Thus, the* 
participation of an E3 component in the acetoin! 
cleaving system of strictly respiratory bacteria re-? 
mains obscure. 

Identification and characterization ofadh encoding , 
2,3-butanediol dehydrogenase 

Downstream of and co-linear to acoC, ORFS 
was identified encoding a 362-amino acid 
polypeptide which exhibited a high degree of 
homology to various alcohol dehydrogenases 
(ADHs) belonging to the NAD(P)- and zinc-de- 
pendent long-chain (group I) ADHs [19]. It was 
therefore concluded that ORF5 represents an 
ADH structural gene. The alignment of the pri- 
mary structure deduced from ORF5 with repre- 
sentative ADH sequences matched all 14 strictly 
conserved residues of microbial group I ADHs 
[19] including the motifs around two of the three 
catalytic zinc ligands (Cys 46 and His 79 ) at the 
N-terminal part, and the NAD-binding pocket at 
the central part of the polypeptide (Fig. 3). In 
addition, the binding motif for a second zinc was 
identified (Cys 109 to Cys 123 ), which is known to 
bind the non-catalytic or structural zinc in most 
group I ADHs [19]. Interestingly, the putative 
third ligand of the catalytic zinc in P. putida 
ADH was found to be a negatively charged 
residue (Glu 165 ) which is also present in ADHs 
catalysing the oxidation of secondary alcohols (e.g. 
sorbitol dehydrogenase from Bacillus subtilis, 
threonine dehydrogenase from E. coli; Fig. 3). In 
almost all other ADHs, which preferentially ac- 
cept primary alcohols, this position is occupied by 
a cystein residue (e.g. alcohol dehydrogenase I 
from Zymomonas mobilis; Fig. 3). These se- 
quence data correspond with a catabolic function 
of the P. putida adh gene product in feeding 
2,3-butanediol to the acetoin cleaving system. In 
addition, the absence of promotor-like structures 
upstream of adh, acoC, acoB, and acoA, the 
presence of a reliable promotor region upstream 
of acoX, the concomitant synthesis of the ace- 
toin-cleaving system and of the 2,3-butanediol 
dehydrogenase during growth on 2,3-butanediol 
and on acetoin provided evidence that adh be- 
longs to the same operon as the four aco genes. 
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(FILE 'HOME' ENTERED AT 10:27:03 ON 06 MAY 2003) 

FILE 'MEDLINE,- CAPLUS, BIOSIS, AGRICOLA 1 ENTERED AT 10:27:08 ON 06 MAY 
2003 

L1 157 S BUTANEDIOL (IN) DEHYDROGENASE 

L2 3 S LI AND PICHIA 

L3 3 DUP REM L2 (0 DUPLICATES REMOVED) 

L4 94 S LI AND ACE TO IN 

L5 9 S LI AND (ACETOIN (2N) R) 

L6 6 DUP REM L5 (3 DUPLICATES REMOVED) 

FILE 1 STNGUIDE 1 ENTERED AT 10:29:31 ON 06 MAY 2003 

FILE 'MEDLINE, CAPLUS, BIOSIS , AGRICOLA' ENTERED AT 10:33:52 ON 06 MAY 
2003 

L7 3 S L4 AND BUTANEDIONE 

L8 3 DUP REM L7 (0 DUPLICATES REMOVED) 

FILE 'STNGUIDE' ENTERED AT 10:36:59 ON 06 MAY 2003 

FILE 'MEDLINE, CAPLUS, BIOSIS, AGRICOLA' ENTERED AT 10:40:13 ON 06 MAY 
2003 

L9 14 S R (3N) LI 

L10 8 DUP REM L9 (6 DUPLICATES REMOVED) 

FILE 'STNGUIDE' ENTERED AT 10:42:02 ON 06 MAY 2003 

FILE 1 MEDLINE , CAPLUS, BIOSIS, AGRICOLA' ENTERED AT 10:42:46 ON 06 MAY 

Lll 2003 121 S LI AND (NAD OR NADH OR ACETOIN OR BUTANEDIONE) 

L12 66 S LI AND (NAD OR NADH) 

L 13 42 S L12 AND ACETOIN 

L14 8 S L13 AND R 

L15 5 DUP REM L14 (3 DUPLICATES REMOVED) 

L16 24 S LI AND R 

L17 13 DUP REM L16 (11 DUPLICATES REMOVED) 



(FILE 1 HOME 1 ENTERED AT 08:50:10 ON 08 MAY 2003) 



FILE 'MEDLINE, CAPLUS, BIOSIS, AGRICOLA' ENTERED AT 08:50:16 ON 08 MAY 
2003 

LI 14 0 S ACETOIN (2N) REDUCTASE 

L2 2 S LI AND R 

L3 1 DUP REM L2 (1 DUPLICATE REMOVED) 

L4 3 S LI AND PICHIA 

L5 l DUP REM L4 (2 DUPLICATES REMOVED) 

FILE 1 STNGUIDE 1 ENTERED AT 08:51:33 ON 08 MAY 2003 

L6 0 S LI AND BUTANEDIOL 

FILE 'MEDLINE, CAPLUS, BIOSIS, AGRICOLA' ENTERED AT 08:52:04 ON 08 MAY 
2003 

L7 56 S LI AND BUTANEDIOL 

L8 33 DUP REM L7 (23 DUPLICATES REMOVED) 

L9 OS L8 AND D HIS 



L10 ANSWER 6 OF 8 MEDLINE DUPLICATE 2 

AN 91024485 MEDLINE 

DN 91024485 PubMed ID: 2222122 

TI Purification and characterization of a (R)-2,3- 

butanediol dehydrogenase from Saccharomyces cerevisiae. 

AU Heidlas J; Tressl R _ 

CS Technische Universitat Berlin, Fachbereich Lebensmitteltechnologie und 

Biotechnologie . 
SO ARCHIVES OF MICROBIOLOGY, (1990) 154 (3) 267-73. 

Journal code: 0410427. ISSN: 0*302-8933. 
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AB A NAD -dependent (R) -2,3 -butanediol 

dehydrogenase (EC 1.1.1.4), selectively catalyzing the oxidation 
at the (R) -center of 2 , 3 -butanediol irrespective of the absolute 
configuration of the other carbinol center, was isolated from cell 
extracts of the yeast Saccharomyces cerevisiae. Purification was achieved 
by means of streptomycin sulfate treatment, Sephadex- G-25 filtration, 
DEAE-Sepharose CL-6B chromatography, affinity chromatography on Matrex Gel 
Blue A and Superose 6 prep grade chromatography leading to a 70 -fold 
enrichment of the specific activity with 44% yield. Analysis of chiral 
products was carried out by gas chromatographic methods via 
pre-chromatographic derivatization and resolution of corresponding 
diastereomeric derivatives. The enzyme was capable to reduce irreversibly 
diacetyl (2 , 3 -butanediol) to (R) -acetoin (3-hydroxy-2-butanone) and ma 
subsequent reaction reversibly to (R,R) -2 , 3 -butanediol using NADH as 
coenzyme. 1 -Hydroxy- 2 -ketones and C5-acyloins were also accepted as 
substrates, whereas the enzyme was inactive towards the reduction of 
acetone and dihydroxyacetone . The relative molecular mass (Mr) of the 
enzyme was estimated as 140,000 by means of gel filtration. On 
SDS-polyacrylamide gel the protein decomposed into 4 (identical) subunits 
of Mr 35,000. Optimum pH was 6.7 for the reduction of acetoin to 
2, 3 -butanediol and 7.2 for the reverse reaction. 



